ABSTRACT. Hydroxyethyl starches (HES) are commonly used synthetic colloidal solution in veterinary medicine. Despite of possible adverse effect to kidney injury in human, there is no report about nephrotoxic effects of HES in dogs. HES was administered to a Golden retriever (4-year-old, intact male) with ascites in order to increase plasma osmolality. Initially, the dog was mild azotemic, however, kidney function was rapidly deteriorated after several days of HES administration. Finally, histopathological examination revealed remarkable osmotic nephrosis. In the case reported herein, acute kidney injury was remarkably developed after HES administration. Clinical and histopathologic findings of acute kidney injury support nephrotoxic effects of HES to a dog.
Hydroxyethyl starches are modified polysaccharides with long chain shaped molecular structures derived from amylopectin [2] . Hydroxyethyl starch molecules are hydrolyzed mainly by serum alpha-amylase [21] . The degradation rate of hydroxyethyl starch molecules by serum amylase is determined by their molecular weight, C2/C6 ratio, concentration and degree of molar substitution [17] . Degraded molecules in the blood are excreted through the kidneys, phagocytosed by reticuloendothelial cells or absorbed by various cells as a form of pinocytosis [22] . Cellular lysosomes lack amylase, therefore hydroxyethyl starch molecules can remain in cells without degradation, and this tissue storage may be potentially harmful to the host [23] .
Hydroxyethyl starches have been recognized as relatively safe synthetic colloidal solutions. However, based on many ongoing reports of adverse effects and conflicting results from randomized-controlled trials, the use of hydroxyethyl starches in human medicine is still controversial [5] . As a result, the use of hydroxyethyl starch solutions is not recommended for specific circumstances, such as critically ill patients, sepsis, burn-injury, patients with impaired renal function or coagulopathy. The Food and Drug Administration has classified hydroxyethyl starches as a boxed warning drug since 2013 [11] , and the Surviving Sepsis Campaign banned its use in 2012 based on reports that there were no significant differences in therapeutic effect, but more adverse effects, compared to the use of crystalloid in septic patients [1, 9] .
While human medicine has limited the use of hydroxyethyl starches, there are ongoing debates over the use of HES in veterinary medicine, because of a lack of species-specific data. In 201 cases where 6% tetrastarch was administered, the creatinine concentration did not increase significantly [24] , while 180 cases receiving 10% pentastarch were associated with an increased risk of kidney injury and mortality rate [15] . These two research papers have conflicting results, and a consensus about the use of HES in veterinary medicine has not been established.
The known adverse effects of HES in human medicine include acute kidney injury, coagulopathy, immune reaction, reticuloendothelial dysfunction and hepatopathy [14] . Moreover, the incidence of renal adverse effects by HES is increasing as reported by several large randomized controlled trials. In the Volume Substitution and Insulin Therapy in Severe Sepsis and the Crystalloids Morbidity Associated with Severe Sepsis trials, severe septic patients treated with HES had increased rates of acute kidney injury and renal replacement therapy [4, 13] . The Crystalloid versus Hydroxyethyl Starch trial found that use of HES in critically ill patients significantly increased the need for renal replacement therapy [12] .
In veterinary medicine, the adverse effects of HES have rarely been investigated and only coagulopathy has been reported [6, 8, 10] . Therefore, there is insufficient evidence for the renal adverse effects of HES in veterinary medicine [1] .
The following case report describes acute kidney injury after the administration of hydroxyethyl starch. A 4-year-old intact male Golden retriever, weighing 32 kg, was admitted to a local animal hospital, because of abdominal distention, melena, lethargy and anorexia. The dog was raised indoors, and there was no possible toxicant exposure determined from its history.
On day 1, azotemia and hypoalbuminemia were found by blood chemistry panel at the local animal hospital. To increase the plasma osmolality, 6% hydroxyethyl starch 130/0.4 solution (Voluven ® , Fresenius-Kabi, Bad Homburg, Germany) (10 ml/kg, IV, bolus) was administered by a local veterinarian. On day 8, the creatinine level was increased about three-fold, and proteinuria was profound. This rapidly deteriorating azotemia and proteinuria persisted during hospitalization at the local animal hospital (Table 1) .
On day 15, the dog was referred to the Veterinary Medical Teaching Hospital for severe azotemia, ascites and gastrointestinal bleeding. The dog was normothermic (38.0°C), with a normal heart (120 bpm) and a normal respiratory rate (30/min), and hypertensive (Indirect systolic blood pressure 175 mmHg measured by Doppler method), possibly because of aggressive fluid administration from the local animal hospital before referral. Ecchymosis and a distended abdomen were obvious upon physical examination.
Microcytic non-regenerative anemia, neutrophilia and thrombocytopenia were found by complete blood count. Hypoalbuminemia, hypoproteinemia, hyperbilirubinemia, increased alkaline phosphatase and gamma glutamyl transferase activity were found by blood chemistry panel. Increased fasting bile acid and mild increased activated partial thromboplastin were found by an additional liver function test. Deteriorated azotemia and hyperphosphatemia were observed.
Blood gas and electrolyte analysis indicated metabolic acidosis, hyponatremia, hyperkalemia and hypocalcemia (Table 2) . Hyposthenuria and proteinuria were also observed (Table 1) . Throughout the intensive care unit stay, the dog showed anuria without any response to hydration. Too much ascites had accumulated to obtain an accurate view by ultrasound. However, the echogenicity of the cortex of both kidneys was increased. The liver could not be accurately assessed by ultrasound because of a disturbance by the severe ascites. The ascites was removed under ultrasonographic guide, because of respiratory disturbance and its characteristic was transudate.
Chronic liver failure was suspected, because of decreased functional enzymes, ascites accumulation and coagulopathy. Globulin and cholesterol levels were within reference interval, and no marked proteinuria on day 2 could exclude protein-losing enteropathy and protein-losing nephropathy from differential diagnosis of hypoalbuminemia, respectively. Acute anuric renal failure and the decreased liver function were the probable cause of the present illness. Because of the moribund state of the dog, he was euthanized, and necropsy was performed.
After necropsy, gross examination showed multifocal nodules bulging on the surface of the liver, mild-to-moderate petechialto-ecchymotic hemorrhages in the heart, gastrointestinal bleeding and degeneration of the kidney cortex. Histopathological examination revealed multiple hepatic nodules surrounded by thick fibrous septa, moderate multiple calcium depositions in the necrotic areas of the hepatic nodules (Fig. 1) , severe multiple linear renal tubular necrosis and moderate glomerular injury resulting in the mild transudation of albumin. Of note, osmotic nephrosis lesions were prominent in the renal tubules (Fig. 2) .
In this case study, the rapid exacerbation of renal function after the administration of HES from a local animal hospital was remarkable. Creatinine levels were rapidly increased. Additional lab work and anuria indicated the dog had acute kidney injury, and histopathological examination indicated that hydroxyethyl starch had induced the AKI. Liver cirrhosis was also confirmed based on necropsy and histopathological findings.
In veterinary medicine, the use of HES is controversial, because there is no evidence that the same adverse effects in human patients might appear in animals [1] . One study reported that the prevalence of adverse outcome in animal after HES administration is considerably lower than the prevalence in human [24] . The reasons for this are that the serum amylase activity in dogs is 13 times higher than in humans [18] and that animals tend to stay in hospital for a shorter duration compared with humans, so that the total administered volume is lower.
There are a few hypotheses about the mechanism of HES-induced acute kidney injury, such as obstruction of the tubular lumen, hyperviscosity-induced GFR decrease, clearance by the renal interstitial reticuloendothelial system and osmotic nephrosis have been proposed [16, 20] . A well-known hypothesis is that osmotic nephrosis is induced by absorbed molecules through renal tubular epithelial cells. Those molecules accumulate in the tubular epithelial cells, and cause swelling and vacuolization. Dextran, mannitol, immunoglobulins and iodinated contrast agents have also been shown to cause similar lesions [3, 7] . These osmotic nephrosis lesions are reversible, but can be long lasting [19] .
In this case study, histopathological examination clearly provided pathological evidence of HES-induced kidney injury. Based on the histopathological findings in the kidney, the renal function of the dog was markedly influenced by osmotic nephrosis lesions. Petechia and ecchymosis were found in the skin by physical examination, although platelet counts were not markedly decreased. This suggests that platelet dysfunction had occurred. The adverse effects of HES, liver failure or uremic toxin produced by AKI are possible causes of platelet dysfunction, but this is yet to be determined.
Additionally, liver cirrhosis might influence the incidence of acute kidney injury. According to Wiedermann et al., the cellular storage of HES might cause decreased liver function, and further research on tissue accumulation is needed [23] . We believe the dog described in this report had accelerated renal function impairment caused by an increased excretion load to the kidney caused by the insufficient removal of HES molecules by liver phagocytes.
This case report is a warning against the use of synthetic colloids in animals with decreased kidney function. Studies of HESinduced adverse effects in veterinary medicine, especially large-scale multicenter studies, should be continued.
